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COPLANAR RF DOOR SEAL 

CROSS RELATION TO OTHER APPLICATIONS 

This invention is a continuation in part of Ser. No. 
626,331, co-pending and ?led 6/24/84 now issued as 
U.S. Pat. No. 4,656,312. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates in general to radio frequency 

(RF) shielding for a room and more particularly to 
coplanar RF door seal utilizing layered ?exible metal 
sheets. 

2. Discussion of the Prior Art 
It is sometimes necessary to provide a room of rela 

tively large size which is shielded against electromag 
netic radiation. Such shielded rooms are used, for exam 
ple, for circuit testing for RF emission tests, for housing 
certain computer installations, etc. 
A shielded room of the type to which the present 

invention is directed is a specially made enclosure and is 
of sufficient size to permit workmen to conduct various 
work operations therein. The enclosure must be pro 
vided with an opening of sufficient size to permit pas 
sage of workmen and equipment therethrough. A pri 
mary problem with construction of a shielded enclosure 
is to provide a door which will completely seal the 
opening against electromagnetic radiation. 
The shielded room and door must be constructed of a 

metal which will afford substantial protection against 
electromagnetic radiation. In the prior art there have 
been serious problems associated with the design and 
construction of shielded doors. The seals have not been 
effective because of gaps between the seal and the door. 
The reliability of the seals is poor due to fragile con 
struction and thus will not stand extended usage with 
out frequent repair. 

Early prior art shielded doors are usually held against 
a wall of the shielded enclosure by a latch. In actual 
practice, the engaging surfaces of the door and wall are 
not perfectly ?at. Thus, to the extent that the surfaces 
are not completely ?at and coplanar, gaps between the 
surfaces are created. In an effort to overcome this prob 
lem, the engaging surfaces of the door and enclosure are 
meticulously machined at considerable expense. The 
door must then be very accurately mounted on the wall 
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to assure proper engagement of the surfaces in the . 
closed position of the door. Notwithstanding these ex 
pensive and tedious work operations, prior art construc 
tions have proved unsatisfactory in that the latch may 
hold a local region of the door tightly against the wall, 
but it does little to assure that the entire periphery of the 
door will be tightly sealed to the wall surface. 
Another attempt to effect a workable seal has been to 

' use integral expander tubes. The prior art doors utiliz 
ing these integral expander tubes have been heavy, 
costly, complex, and subject to considerable mainte 
nance. These doors have been inordinately thick so as to 
cause excessive vehicular and person traf?c problems 
caused by the inherently large gap in which the door 
slides. Where the doors are supplied with integral ex 
pander tubes, they also must be supplied with com 
pressed airlines to the door and thus require the moving 
of the air hoses along therewith. The weight of the 
heavy doors causes considerable dif?culty in manual 
operation that results in safety hazards. 
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' The important factor is that the ?rst and second layer of 
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2 
More recently (as in U.S. Pat. No. 4,370,831 issued to 

Hamilton), an RF shielded door seal has been formed of 
peripheral ?exible plates that are welded together on 
their outer edges. Spaced between the plates and be 
tween the frame and the door, a peripheral tubular 
bladder is located. The bladder, when expanded with 
compressed air, forces the plates outwardly against the 
door and the frame to form a seal. Problems of leakage, 
however, still persist in this construction due to irregu 
larities in the ?exible plates created during the welding 
process. RF radiation can leak through these small de 
formities caused by welding the plates together and it 
would be desirable to have a seal which prevented this 
problem. 

SUMMARY OF THE INVENTION 

The present invention eliminates the foresaid prob 
lems and improves upon the present art by providing a 
seal which includes coplanar layered ?exible sheets. 
More speci?cally, the present invention is used with a 
door and frame assembly for a room shielded against 
leakage of RF radiation. The door and frame assembly 
includes a door leaf and door frame on which the door 
leaf is mounted. The door frame will have a seal nesting 
surface which opposes and is spaced outwardly from 
the border of the door all the way around the door. A 
?rst series of ?exible metal plates is provided which 
consists of individual metal sheets arranged end to end. 
This ?rst series or layer of sheets is ?xedly attached to 
the door and extends beyond the borders of the door all 
the way around the door. The ?rst layer of ?exible 
metal sheets is closest to the door frame and capable of 
aligning with the seal nesting surface of the door frame 
when the door is closed. A second series or layer of 
?exible metal sheets is also provided. The second layer 
of ?exible metal sheets is adjacent to and contacts the 
?rst layer, also being ?xed to the door. The second 
layer of ?exible metal sheets is so arranged in an end-to 
end fashion as to overlap the seams made by the ?rst 
layer of ?exible metal sheets. This overlap minimizes 
RF leakage when the door is closed as compared to 
using a single layer of sheets which are welded at the 
end-to-end joints. In the seal of the present invention, 
prior art means such as a tubular bladder can be used to 
hold the ?exible metal sheets in contact with the door 
frame when the door is closed. Alternatively to the 
above, the layers of ?exible metal sheets may be at 
tached to the door frame instead of the door itself and 
the door can be provided with a seal nesting surface. 

sheets are between the door and door frame when the 
door is in a closed position. The present invention also 
contemplates ?ame-spraying of the layers of sheets to 
create a highly conductive and corrosion resistant sur 
face. 

Accordingly, it is an object of the present invention 
to provide an improved RF door seal, minimizing RF 
leakage from a containment. 
Another object of the present invention is to allow 

high level containment of RF and magnetic energy by 
using layered ?ame sprayed metal sheets. 
A further object of the present invention is to provide 

a RF door seal utilizing ?exible metal sheets which 
makes it unnecessary to weld the sheets together. 
A still further object of the present invention is to 

provide a RF door seal which can readily be replaced if 
damaged. 
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Yet another object of the present invention is to pro 
vide a RF door seal in which thinner, more ?exible 
metal sheets may be used, if necessary. 
Another object of the present invention is to provide 

an improved RF door seal utilizing ?exible metal sheets 
which can achieve square corners. 
These and other objects and advantages of the pres 

ent invention will become more apparent from the fol~ 
lowing detailed description of the preferred embodi 
ment when taken in conjunction with the attached 
drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric view of a radio frequency 
radiation containment showing a containment door 
partially open. 
FIG. 2 is a side view of the containment door in a 

closed position. 
FIG. 3 is an isometric view of the door in a closed 

position. 
FIG. 4is an expanded view of the arrangement of the 

layered metal sheets used as sealing means of the present 
invention showing two corners. 
FIG. 5A is a cross sectional view taken along line 

5-5 of FIG. 3. 
FIG. 5B is a cross sectional view taken along 5--5 of 

FIG. 3 showing an alternative arrangement of the co 
planar seal and nesting surface. 
FIG. 6A is an expanded view of the arrangement of 

metal sheets in an alternative embodiment of the inven 
tion showing curved corner sheets. 
FIG. 6B is an exploded view of FIG. 6A. 
FIG. 7A is an expanded view of the arrangement of 

metal sheets in another alternative embodiment of the 
invention‘showing a “cut corner.” 
FIG. 7B is an exploded view of FIG. 7A. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIG. 1, a chamber 2 containing a source 
of RF radiation is shown. Chamber 2 has an opening 4 
allowing access of personnel and equipment to chamber 
2 and a door frame 5. A door leaf 6 is shown which is 
used to seal the chamber 2. Referring to FIG. 2, the 
support means for the door leaf 6 is shown. The door 
leaf 6 is attached at points 8 and 10 to a pair of support 
beams 12a and 12b that are hinged to a header beam 14 
of door frame 5 over the opening 4 of chamber 2 by a 
pair of brackets 16 and 160. Door leaf 6 can therefore 
pivot about hinge points 18a and 18b through the center 
of brackets 16 and 160, respectively. 
Two wire ropes 20a and 20b are connected to one end 

224a of support beam 12a. Similarly, two wire ropes 20c 
and 20d are connected to one end 22b of support beam 
12b. The wire ropes 200, b, c, and d are connected (not 
shown) to chamber 2 above the opening 4. The door 
leaf 6 may be raised or lowered by manipulating wire 
ropes 200, b, c, and d. It should be noted that the door 
leaf 6 could also be opened by hydraulic cylinders (not 
shown) connected to the top end of the door and 
mounted to the door frame cross member (not shown). 
Pressurizing the hydraulic cylinders would open the 
door leaf 6 and lowering wire ropes 20a through d 
would close the door leaf 6 and add more control to the 
opening and closing procedure. 

Referring now to FIGS. 3 through 5, the sealing 
means of the present invention will be described. Door 
frame 5 has a sealing or nesting surface 24 running in 
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4 
side of its border. Door leaf 6 has a layered coplanar 
seal, generally designated as 26 around its perimeter and 
attached to the door by bolts 28 as best shown in FIG. 
5. A pin 30 extends from door leaf 6 at regular intervals 
and is received in hole 32 of receiving member 34. Re 
ceiving member 34 is attached to door frame 5. The pin 
30 is attached to a piston 36 within door leaf 6 and can 
be extended through hole 32, thereby locking door leaf 
6 in place or withdrawn when door 6 is to be opened. 
Coplanar seal 26 will be aligned with and rest against 
sealing surface 24 when the door leaf 6 is in its closed 
position. To insure a positive seal, means to hold the 
coplanar seal 26 against the sealing surface 24 such as an 
inflatable bladder seal 38 can be used. An in?atable seal 
is well known in the prior art and is described fully in 
U.S. Pat. No. 4,370,831 issued to Hamilton (see espe 
cially FIG. 7 of that patent). 
FIG. 4 shows in detail the arrangement of the copla 

nar laminated seal 26. The seal 26 is comprised of a first 
series of ?exible metal sheets 40 and a second series of 
?exible metal sheets 42. The metal sheets can be made 
of steel or another suitable metal. These series of sheets 
40 and 42 will extend around the entire border of the 
door leaf 6. Each series can be composed of any number 
of individual sheets. Practically for a rectangular door 
opening four sheets in each of series 40 and 42 would 
seem best. The sheets of each series, in any case, are 
arranged so that series 40 sheets will cover the seams 
created by individual sheets of series 42. This feature 
will minimize the RF leakage through the seal 26 when 
compared to a single flexible metal sheet along the bor 
der of the door. A single sheet would require welding 
and hence local distortion of the metal at the welding 
seam resulting in RF leakage through the seal. The 
present invention contemplates no welding together of 
metal sheets, and since each layer of ?exible metal 
sheets covers the seams of the other layer, RF leakage 
through this seal is minimized. The individual sheets of 
both series of sheets 40 and 42 may be ?ame sprayed to 
create a highly conductive and corrosion resistant seal. 
Flame spraying is a technique well known in the present 
art. 
To effect RF shielding using the present invention 

the door leaf 6 is lowered into place. The coplanar seal 
26 is aligned with the sealing surface 24 and the pins 30 
are locked into holes 32. In?atable seal 38 is activated 
and creates a pressure along ‘the entire sealing surface 24 
to insure good contact of coplanar seal 26 with sealing 
surface 24. It should be noted that the coplanar seal 26 
of the present invention can be used regardless of the 
method of attaching the door leaf to the door frame or 
regardless of the means of opening or closing door leaf 
6. It should be noted that more than 2 layers of ?exible 
metal sheets could be used if desired as long as the seams 
of any two adjacent layers overlap as described above. 

ALTERNATIVE EMBODIMENTS. 
The above invention has been described with the 

coplanar seal 26 being attached to the door leaf 6 (FIG. 
2) and the seal aligning against sealing surface 24 as best 
shown in FIG. 5A. Alternatively, the layers of metal 
forming the coplanar seal 26 may be attached to the 
doorframe 5 and nest against a sealing surface on the 
door leaf 6. The other elements of the invention can 
remain the same as described above. In this embodi 
ment, referring to FIG. 5B, seal 26 would be attached to 
door frame 5 by bolts 28 and sealing surface 24 would 
be part of the door leaf 6. 
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Alternative arrangements of the layers of metal sheets 
in addition to that described above may be used. The 
important factor, of course, is that the seams of one 

' layer be covered by the sheets of the other layer. FIGS. 
6A and 6B show an embodiment of the invention hav 
ing rounded corner sheets 40a and 42a. The remainder 
of the ?rst layer of sheets 40 and second layer of sheets 
42 work with comer sheets 40a and 42a to overlap all 
seams. FIGS. 7A and 7B show yet another embodiment 
with “cut corners.” In this embodiment, the corners of 
seal 26 do not form right angles, but meet as shown in 
FIG. 7A at angles Y1 and Y2 which are greater than 
ninety degress but less than one hundred and eighty 
degrees. Once again, all seams of one layer 40 are over 
lapped by seams of the other layer 42. It can also be 
noted that the sheets of one layer can meet such that the 
seam therebetween is at an angle greater than zero de 
grees and less than ninety degress to the horizontal. An 
example of this embodiment (not shown) would be 
when adjacent sheets meeting at the corner of the door 
leaf and door frame form a seam having a forty-?ve 
degree angle with the horizontal. 
The invention may be embodied in other forms with 

out departing from the spirit or essential characteristics 
thereof. The present embodiments are therefore to be 
considered in all respects as illustrative and not restric 
tive, the scope of the invention being indicated by the 
appended claims rather than by the foregoing descrip 
tion, and all changes which come within the meaning 
and range of equivalency of the claims are therefore 
intended to be embraced therein. 
What is claimed is as follows: 
1. A door leaf and frame assembly for a room that is 

shielded against leakage of electromagnetic radiation 
when the door leaf is in its closed position comprising: 

a. a rectangular door leaf having four corners; 
b. a door frame on which said door leaf is mounted, 

the door frame on one side of the door leaf and 
de?ning a rectangular passage opening; the door 
frame opposing and spaced outwardly from the 
borders of said door leaf all the way around the 
Passage Opening; ‘ 

c. a ?rst series of ?exible cantilevered metal sheets 
comprised of individual ?exible metal sheets ar - 

'45‘,vv ' 

tween, the ?rst series of metal sheets located be- ; tween said door leaf and said door frame all the 

way around said door leaf and said door frame,: 

ranged end to end and forming seams therebe 

when said door leaf is closed, the ?rst series of 
?exible metal sheets having at least one curved 
portion in a corner of said door leaf and said door 
frame; 

d. a second series of ?exible cantilevered coplanar 
metal sheets, the second series of ?exible metal 
sheets adjacent to said ?rst series of ?exible metal 
sheets and located between said door leaf and said 
door frame, and so arranged end to end as to over 
lap the seams made by said ?rst series of ?exible 
metal sheets to minimize electromagnetic leakage 
through said door leaf and said door frame when 
said door leaf is closed; and 

e. holding means to hold said ?rst and said second 
series of ?exible metal sheets in contact with said 
door leaf and said door frame when said door leaf 
is closed. , 

2. A door leaf and frame assembly for a room that is 
shielded against leakage of electromagnetic radiation 
when the door leaf is in its closed position comprising: 
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a. a rectangular door leaf having four corners; 
b. a door frame on which said door leaf is mounted, 

the door frame on one side of the door leaf and 
de?ning a rectangular passage opening; the door 
frame opposing and spaced outwardly from the 
borders of said door leaf all the way around the 
passage opening; 

0. a ?rst series of ?exible cantilevered metal sheets 
comprised of individual ?exible metal sheets ar 
ranged end to end and forming seams therebe- ' 
tween, the ?rst series of metal sheets located be 
tween said door leaf and said door frame all the 
way around said door leaf and said door frame 
when said door leaf is closed, the ?rst series of 
?exible metal sheets having at least one sheet in a 
corner of said door leaf and said door frame aligned 
at an angle greater than 90 degrees and less than 
180 degrees to adjacent sheets in said ?rst series of 
metal sheets; 

d. a second series of ?exible cantilevered coplanar 
metal sheets, the second series of ?exible metal 
sheets adjacent to said ?rst series of ?exible metal 
sheets and located between said door leaf and said 
door frame, and so arranged end to end as to over 
lap the seams made by said ?rst series of flexible 
metal sheets to minimize electromagnetic leakage 
through said door leaf and said door frame when 
said door leaf is closed; and 

e. holding means to hold said ?rst and second series of 
?exible metal sheets in contact with said door leaf 
and said door frame when said door leaf is closed. 

3. A door leaf and frame assembly for a room that is 
shielded against leakage of electromagnetic radiation 
when the door leaf is in its closed position comprising: 

a. a rectangular door leaf, the door leaf having a 
sealing surface portion at the outer borders of said 
door leaf; 

. a door frame on which said door leaf is mounted, 
the door frame on one side of the door leaf and 
de?ning a rectangular passage opening, the door 
frame opposing the outer borders of said door leaf 
all the way around the passage opening; 

Y 1, c. a ?rst series of rectangular cantilevered ?exible 
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metal sheets comprised of at least four coplanar 
individual metal sheets, the ?rst series of metal 
sheets located at the borders of said door frame all 
the way around said door frame with a vertically 
aligned sheet adjacent to a horizontally aligned 
sheet and forming a seam therebetween in each of 
the four corners of the border of said door frame, 
the ?rst series of ?exible metal sheets closest to said 
door leaf and capable of aligning with the sealing 
surface portion of said door leaf when said door 
leaf is closed; 
a second series of at least four rectangular cantilev 
ered coplanar ?exible metal sheets, the second 
series of ?exible metal sheets shaped as said ?rst 
series of ?exible metal sheets, the second series of 
?exible metal sheets adjacent to said ?rst series of 
flexible metal sheets and so arranged as to overlap 
the seams made by said ?rst series of ?exible metal 
sheets, including any horizontal seams of said ?rst 
series of ?exible metal sheets being overlapped by 
vertical metal sheets of said second series of ?exible 
metal sheets at the corners of said door frame and 
said door leaf, and any vertical seams of said ?rst 
series of ?exible metal sheets being overlapped by 
horizontal sheets of said second series of ?exible 
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metal sheets at the corners of said door frame and 
said door leaf to minimize electromagnetic leakage 
through said door leaf and said door frame when 
said door leaf is closed; and 

e. holding means to hold said series of ?exible metal 
sheets in contact with the sealing surface portion of 
said door leaf when said door leaf is closed. 

4. A door leaf and frame assembly for a room that is 
shielded against leakage of electromagnetic radiation 
when the door leaf is in its closed position comprising: 

a. a rectangular leaf; 
b. a door frame on which said door leaf is mounted, 

the door frame on one side of the door leaf and 
de?ning a rectangular passage opening; the door 
frame opposing and spaced outwardly from the 
borders of said door leaf all the way around the 
passage opening; 

c. a ?rst series of ?exible cantilevered metal sheets 
consisting of individual ?exible metal sheets ar 
ranged end to end and forming seams therebei 
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8 
tween, at least one seam making an angle with the 
horizontal of greater than zero degrees and less 
than ninety degrees, the ?rst series of metal sheets 
located between said door leaf and said door frame 
all the way around said door leaf and said door 
frame when said door leaf is closed; 

d. a second series of ?exible cantilevered coplanar 
metal sheets, the second series of ?exible metal 
sheets adjacent to said ?rst series of ?exible metal 
sheets and located between said door leaf and said 
door frame, and so arranged end to end as to over 
lap the seams made by said ?rst series of ?exible 
metal sheets to minimize electromegnetic leakage 
through said door leaf and said door frame when 
said door leaf is closed; and 

e. holding means to hold said ?rst series and second 
series of ?exible metal sheets in contact with said 
door leaf and said door frame when said door leaf 
is closed. 
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